























































stress (Pilgeretal., 1997;Radaketal., 2000). The
electron transport chain in themitochondria is
consideredtobeamajorntracellularsiteassociated




et al., 2003). A commonly used oxidativeDNA
damagemarker is 8-hydroxy-2’-deoxyguanosine
(8-OHdG)(Pilger et al., 1997; Radak et al., 2000).
Specifically,urinary8-OHdGexcretion is regarded





(Almar et al., 2002),marathon (Tsai et al., 2001),
super-marathon running (Radak et al., 2000), 8-d
running trainingcamp (Okamuraetal., 1997), and
30-d physical training (Poulsen et al., 1996).  In
contrast, others report no alterations following
habitual long-distancerunning (Pilgeretal., 1997),
afterswimmingandrunning(Inoueetal.,1993),and
progressiveresistancetraining(Ralletal.,2000).
　With regard to the exercise-induced adaptive
responses, repeated exercise and training are
considered to enhance antioxidant defense and
repair mechanisms in vivo (Niess et al. , 1996;









　Previous studies have shownexercise-induced
DNAoxidation inavarietyofenduranceexercise
suchasultra-marathon(Radaketal.,2000)andshort-




etal., 1986). Hartmannetal. (1998)demonstrated
noincreaseinurinary8-OHdGexcretionuptoDay
5post-exercise after a short-course triathlon.  In
addition,Palazzettietal. (2003)observednochange
in leukocyteDNAdamage in triathletes after a
4-weekperiod of training. Although it remains
unclearhowrepeatedexercise and trainingmay
influenceoxidativeDNAdamage,toourknowledge,
there arenodata associatedwith the long-term
trainingandcompetitiononoxidativelydamaged
DNAwith regard to the half- and full-ironman
distancetriathlons.
　Exerciseisassociatedwithanincreaseinurinary
protein (Poortmans, 1985). It has been reported
that exercise-inducedproteinuriadependson the





leakage, tubular secretion, and normal urinary
protein excretion by the kidneys (Newman et




limitedaccumulativeeffectsofwholebodyDNAoxidationbasedon the transientchanges in
urinary8-OHdGexcretionaftersuccessiveraces. Thismay inpartberelatedtoanenhanced
antioxidantcapacityinatrainedindividual.




glomerular permeability (Newman et al., 2000).
β2-microglobulin (a low-molecular-weightprotein) is
freelyfilteredattheglomerulusandreabsorbedby




disturbance (Miyai andOgata, 1990;Yaguchi et
al., 1998). Thus, increased urinary excretion of
β2-microglobulinandNAGisreferredtoascommon
markersof tubulardysfunction (Miyai andOgata,
1990;Yaguchietal.,1998).
　Intermsoftheobservationusingaforementioned
proteinuriamarkers, there are previous reports
regarding the effects of strenuous exercise on
proteinuria. Forexample, several studies indicate
that strenuousexerciseappears toacutely induce














　Therefore, the purpose of this study was to
determinealterationsinwholebodyDNAoxidation
andproteinuria inducedby successive triathlons
whichwasaccompaniedby long-termtraining ina
triathlete.Itwashypothesizedthaturinary8-OHdG
and protein concentrationswould be increased
after each race, while the excretion pattern
of urinary 8-OHdG and protein concentrations
wouldbe similar over four consecutivehalf and

















measurement ofbodyweight in the racesBand
Cwasnot considered. However, the evaluation
Table1.Physicalandphysiologicalcharacteristicsofthesubject
112
of bodyweightbefore and after the raceAand
















　With regard to training volume, the subject




eachsection (Figure1). The first trainingsession
(9months trainingperiod)was from January 1st,
2005totheraceAandthesecondtrainingsession









threshold (Tvent) and peak oxygen uptake (V
・

O2peak)were determinedwith an electronically
braked cycle ergometer (Velotron, Seattle,WA)
andmotorizedtreadmill (Quintontreadmill,Seattle,
WA) toevaluate the subject’s fitness level at the
beginningand theendof successive races (Table
1). During theexercise test, expiredgaseswere
collectedandanalyzedat15-second intervalsusing
acalibratedmetaboliccart (Parvomedics, Inc.,Salt
LakeCity,UT)whichwas calibratedwith a 3L
calibration syringe andmedical gases of known
concentrations(15.2%O2,5.17%CO2,N2-balance).
Urinary Sample Collection and Biomarkers
　Forallraces(racesA,B,C,andD),24-hoururine
outputwascollectedon thedaybefore (Pre) and
after therace (Day1) toevaluateexercise-induced
proteinuria.  In the present study, themarkers
of proteinuria included total protein, albumin,
β2-microglobulin,N-acetyl-β-D-glucosaminidase,
andcreatinine. Urinary samples for themarkers
of proteinuria were kept frozen at –80℃ until
subsequentanalysis.
　ForracesB,C,andD,24-hoururineoutputwas
collectedon thedaybefore the race anddays 1,








excretion.Urine specimens for urinary 8-OHdG
analysiswere adjusted to the pH of 4-5 by the
additionof2MHCland15mlaliquotsofurinewere
storedfrozenat–20℃(Germadniketal.,1997).









































serieswereas follows: 50, 125, 175, 200, 250, 380,
500,700,785,850,890,and900mV. Basedon the
peak area of the 8-OHdG standard eluting at 9.0






min in the250mVchannel, thecalibrationcurve
for8-OHdGwasdemonstrated.  Inorder toobtain
highest sensitivity, theelectrochemical cellswere
activatedbyequilibratingandwakingupstandards
(threetimesthehighestconcentrationofcalibration





Determination of Urinary Proteinuria and Specific 
Gravity
　Total protein was based on an improved
coomassieblueGmethodandspectrophotmecally
determined (BioAssay Systems,Hayward, CA).
Albumin (Alpha Diagnostic International, San
Antonio,TX) and theβ2-microglobulin (ALPCO
Diagnostics, SanAntonio,TX)was testedon the
enzyme-linked immunosorbentassay, respectively.
TheN-acetyl-β-D-glucosaminidase (RocheApplied
Science, Indianapolis, IN) and creatinine (Stanbio
Laboratory,Boerne,TX)wasdeterminedusingthe
colorimetric assay, respectively. Toevaluate the




　A Student’s dependent t-test was used to
determine any signif icant differences in al l
proteinuriamarkers (prevs.post race). One-way













Bodyweight returned to 76.3kgat 4hpost-race
andreached77.7kgat18hpost-race.  Intherace
D, subject’s bodyweight demonstrated amore
substantialdecrease (78.6and72.7kg forpreand




atDay 1 compared toDay 4 inurinary 8-OHdG
excretion (ng·ml-1)(main effect for time, p 0.05;
Figure 2A), which demonstrated that 8-OHdG
excretion tended tobehigherduringday1post-
raceandgraduallyreturnedtothebaselinearound
day 4. However, no statistical differenceswere
foundin8-OHdGexcretionwhenexpressedrelative
tocreatinineconcentration (ng·mgcreatinine-1)over




were observed among three races regardless of
distance(Figure2).
　With or without a creat inine-adjustment ,
significant increases inallmarkersofproteinuria
markersexceptβ2-microglobulinwerenotedatDay




duration (Figure3).  Increasedurinarycreatinine
excretionandspecificgravitywere foundatDay
1comparedwithPre (P<0.05,Figure4Aand4B).
Furthermore, urinary creatinine excretionwas








after each triathlon race. However, therewere
nopatterns thatdemonstratedcumulativeeffects
over the two-yearperiodof training/competition.
Moreover ,  the patterns of exercise- induced
proteinuriawerealso similar regardless of either
half-orfull-Ironmantriathlon.
　With regard to exercise-inducedDNAdamage,
there are conflicting observations using in vivo 
models.IthasbeenshownthatDNAoxidationand
changes inurinary8-OHdGexcretionare induced
by long-distance strenuous sports events suchas
ultra-marathonrunning(Radaketal.,2000)androad
cycling(Almaretal.,2002).Incontrast,somestudies
Figure2.Exercise-inducedDNAoxidation.  (A)Urinary8-OHdGconcentration (ng·ml-１)
and (B) (μg·day-１); (C)urinarycreatinineconcentration (mg·dl-１); (D)urinary8-OHdGwith






Figure 3. Exercise-induced proteinuria for each triathlon event. (A) urinary total
protein concentration (mg·dl-１); (B)urinaryalbuminconcentration (mg·l-１); (C)urinary
β２-microglobulin (μg·l









1993)orhabitual long-distancerun training (Pilger
etal., 1997). Hartmannetal. (1998)examined the
effectsofashort-coursetriathlononoxidativeDNA
damage. The authors reportedno alterations of
urinary8-OHdGbeforeandafterexercise (up to4
dayspost).  In thepresentstudy,urinary8-OHdG
excretion(ng·ml-1)tendedtoincreaseonDay1post-
race and return to thebaselinebyDay4 for all
threeracesdespitethedifferencesinraceduration.
　With respect to cumulated effects, thepattern




(Poulsenetal., 1996).  In thosestudies, therewere
noaccumulatedeffectsonoxidativeDNAdamage,
whilean increaseofurinary8-OHdGwas foundas
longas theexercisewas repeated. Onepossible
reasonwhycumulativeeffectswerenotobserved
may inpartbeduetoadaptiveresponses induced










creatinineexcreted in theurine inboth spotand
24-hurinecollectionat thesteady-state level (Loft
andPoulsen,2000)andbeforeandafterprolonged
exercise (Hartmann et al., 1998).  In thepresent
study,amountofurinarycreatinineexcretionbased
on24-hurinecollectionwasincreasedatDay1post-
exercise. An increase in thecreatinineexcretion
into theurine iscommonlycausedbyan increase
in thebreakdownof skeletalmuscle, other tissue




et al. (2000) havedemonstratedurinary 8-OHdG
excretion (ng·ml-1)basedon12-18hurinecollection.
Inthepresentstudy,thebodyweightofthesubject



















etal., 2002;Okamuraetal., 1997). Therefore, our
findings inthepresentstudydemonstrateanacute




the intensityofexercise, rather than theduration
ofexercise,asevidencedbythestrongcorrelation
between lactate and proteinuria (Poortmans et
al., 1985). According toPoortmans (1985), there
are threemainvariables associatedwithprotein
excretion, which are glomerular permeability,
tubularreabsorption,anddisposalof theabsorbed
proteins.  In termsofexercise, therenalvascular
system is constricted (vasoconstriction), which
resultsinanincreaseintheglomerularpermeability
and filtration fraction (Poortmans, 1985). These













thaturinaryprotein excretion returns tonormal






interestwas to clarifywhether ornot there are
cumulative effects before and after successive
triathloneventsassociatedwithalong-termtraining.
Ourresults inthepresentstudyconfirmsprevious
observations that long-termstrenuousexercise is
accompaniedby a transient impairment of renal
function (Farberetal., 1987;Yaguchietal., 1998),
whichappears tobesimilarregardlessof triathlon
raceduration.  In thecurrentstudy,urinary total
proteinwas selected todeterminea combination
ofglomerular and tubular function in thekidney











the protein such as β2-microglobulin increases
(MiyaiandOgata,1990;Yaguchietal.,1998). NAG















　Inconclusion, our findings in thepresent study
indicate that no cumulative effects of oxidative




individual, associatedwith the up-regulation of
DNArepair systems topreventagainstoxidative
DNA lesions. Moreover, theamountandpattern
of proteinuria excretion appears to be similar
regardlessofahalf-orfull-ironmanrace.However,
further researchwill be required to clarify the
‘threshold’ (e.g., exerciseduration, intensity and
frequency)toinduceoxidativedamagetoDNAand
renal dysfunctionderived from long-termheavy
exerciseandtraining.
Practicalimplications
Successive triathlon events associatedwith long-
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